Abstract: A 66-year-old man with postsigmoidectomy status for colon cancer received laparoscopic partial hepatectomy due to a hepatic mass with employing titanium clips were for a vascular clamp. Histological examination showed liver metastasis from sigmoid colon cancer. Twenty-nine months after the partial hepatectomy, a mass developed on the stump at the hepatic resection. Laparoscopic left lateral segmentectomy was conducted under suspicion of cancer recurrence and an automatic titanium stapling device was used. The macroscopically cut surface of the liver showed a grey-white solid nodule measuring 23 x 20 mm and involving metal clips. The nodule was consistent with granuloma microscopically. Twenty-three months after the segmentectomy, a mass reappeared on the hepatic radial margin and an open left lateral hepatic lobectomy was performed because of its growth tendency. Histopathological examination revealed granuloma similar to the previous instance. Since these nodules formed a granulomatous lesion surrounding metal staples/clips and evidence of caseous necrosis was lacking, granuloma due to surgical staples/clips was suspected. Sporadic case reports of postoperative pulmonary granuloma at the staple line have been published previously, but there are no articles detailing a case involving hepatic granuloma. We present our case as the first report of postoperative staple-line hepatic granuloma.
Background
It is important for clinicians to distinguish liver tumors detected after surgical intervention of malignant disorders from recurrent or metastatic lesions originating from the primary cancer.
Titanium is now widely used as a material in automatic stapling surgery because of its minimal irritability in the human body [1] , but there are a number of case reports detailing significant allergic reactions caused by titanium [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Herein, we report a case of postoperative hepatic granuloma suspected of being caused by surgical staples/ clipping materials.
Case presentation
A 66-year-old man underwent a colectomy for sigmoid colon cancer who had been initiated on hemodialysis for end-stage renal failure of unknown cause since 54 years of age and had no history of allergic diseases. Pathological examination of the cancer ultimately demonstrated a stage II type according to TNM classification. He had no sequential adjuvant chemotherapy. Fifty-eight months after the colectomy, a nodule was detected at the left hepatic lobe. A partial hepatectomy was then performed. Histological examination showed liver metastasis of the sigmoid colon cancer. Surgeons used metal clips to control bleeding at the cut surface of the liver.
Twenty-nine months after the partial hepatectomy, complementary studies showed a mass lesion at the wedge from the cut stump at the hepatic resection. Computed tomography (CT) demonstrated a non-enhanced nodule measuring 35 mm in diameter (Fig. 1) . Gray-scale ultrasound examination revealed a mass of 45-mm diameter containing a hyperechoic component. The mass remained a defect using contrast-enhanced ultrasonography with Sonazoid® throughout every phase. 18 F-fluorodeoxyglucose positron emission tomography (FDG-PET) and magnetic resonance imaging (MRI) were not utilized. Laparoscopic left lateral segmentectomy of the liver was performed with employing titanium alloy device (Echelon 60 Gold ETS Flex® 45, Ethicon Endo-Surgery, Inc. USA).
Macroscopic examination revealed that the resected liver measuring 90 x 35 x 20 mm in size contained a greywhite solid nodule measuring 23 x 20 mm in maximum diameter. Microscopic examination confirmed that the nodule consisted of coagulation necrosis in the center (Fig. 2, Fig. 3a,b) . Silver staining revealed the necrotic tissue preserved the structure of the hepatic cell plate and involved the portal tract, suggesting that it resulted from necrosis of the hepatocytes (Fig. 3b) . The necrotic region was encompassed with circular formation of dense fibrous tissue (desmoplastic area) (Fig. 3c,d ).
The outermost layer was the band of granuloma comprising macrophages of epithelioid feature cells, lymphocytes and plasma cells with some of infiltration of eosinophils, which formed a distinct boundary between normal hepatic tissue and the necrotic region (Fig. 3e,f) . Multinucleated giant cells were present but not prominent (Fig. 3e ). There were no cancer cells, foamy leprae cells, eggs of a parasitic basis, Schaumann bodies, or asteroid bodies in the lesion. At the band of granuloma, immunohistochemistry revealed that there were many CD 3 positive cells and small amounts of CD 20 positive cells (Fig. 4) . The ratio of CD 3 positive cells to CD 20 positive cells (indicating the T-cell/ B-cell ratio) was 4:1.
Nineteen months after the latest operation, a mass developed again in the resected edge of the liver (the medial segment of the liver). A contrast-enhanced CT of the abdomen detected a 45-mm low-density mass without contrast enhancement involving a linear, highdensity material. An abdominal MRI scan indicated the mass had a low signal intensity on T1-weighted images and a slight high intensity on T2-weighted images. There was a strand-like component lacking signal intensity in the middle of the mass. MR diffusion-weighted imaging depicted the mass with a high signal intensity. The patient was not given a gadolinium-contrast agent because of his renal failure. Sonazoid®-enhanced ultrasonography revealed an avascular and hypoechoic mass at Segment 4 in the plain phase, and no contrast enhancement was observed at any phase. The FDG-PET/CT scan was not performed. Finally, at twenty-three months after the latest operation, open medial segmentectomy of the liver and caudate lobectomy was conducted under suspicion of cancer recurrence because of an increase of the mass in the short term. Operators did not use additional metal staples or clips in this procedure.
Gross examination revealed a grey-white solid nodule measuring 45 x 38 mm in maximum diameter containing staples in the middle of the resected specimen (Fig. 5a, b) . A two-dimensional image gained by X-ray micro computed tomography (micro CT) depicted staple needles in the central portion of the nodule (Fig. 5c) . Histopathological features of the staple-containing nodule are suggestive of granuloma as in the previous sample. Eosinophils were not prominent. As for the multinucleated giant cell, it appeared unclear. Both Ziehl-Nielsen staining and Grocott's staining were negative.
Granuloma possibly due to retained staples was suspected on the basis of the histopathological findings and clinical course of the patient. To confirm sensitivity to titanium or other metals, the patient was subjected to a patch test. Titanium, vanadium and aluminum were all Fig. 3 Histopathologic features. a Necrotic tissue (*, HE x 1000). b Silver staining revealed the necrotic tissue preserved the structure of the hepatic cell plate and involved the portal tract, suggesting that it is a result of necrosis of the hepatocytes (*, silver staining x 1000). c Fibrous tissue ( †, HE x 1000). d Fibrous tissue ( †, silver staining x 1000). e The outermost layer was the band of granuloma comprising macrophages of epithelioid feature cells, lymphocytes and plasma cells with some infiltration of eosinophils forming a distinct boundary between normal hepatic tissue and the necrotic region. Multinucleated giant cells were present but not prominent ( ‡, HE x 1000). f The outermost layer ( ‡, silver staining x 1000) 
Discussion
A search of the databases PubMed and Ichushi (in Japanese) using the query words "staple/stapler AND granuloma", "clip/clipping AND granuloma", "allergic granuloma" or "hepatic granuloma" yielded scattered reports involving the lung and granulomas possibly caused by surgical staples [2, 3] , but there were no articles referencing operations conducted for the liver.
Clips and staples applied for resection of the liver in our case were made of a titanium alloy (>90 % titanium, 2.0-3.0 % vanadium, 2.5-3.5 % aluminum). Titanium has been considered to be inert within the body [1] , but several case reports have suggested that titanium may be a sensitizer when involving a pacemaker [4] , orthopedic implants [5, 6] or dental implants [7] .
Although the method generally used to examine metal hypersensitivity is the epicutaneous test (so-called "patch test"), the patch test has been an examination procedure and mainly interprets the dermally-sensitized reaction and may not clearly reflect immune responses provoked by metal implants in deep tissue [12] [13] [14] [15] [16] . Moreover, since the test may itself induce sensitization as an irritant reaction, it can lead to a false positive or false negative result [6, 13] . Furthermore, reproducibility varies due to several factors (e.g., site-to-site, inter-observer, etc.) [13, 15] .
Alternative testing methods have been utilized and include in vitro examinations such as the lymphocyte transformation test (LTT) or its modified version, the memory lymphocyte immunostimulation assay (MELISA®) [6, 13, 15] . However, there is debate among clinicians whether these tests are adequate diagnostic tools. Thus, there is currently no ideal test which is a reliable testing method for metal hypersensitivity [6, 13] . Our diagnosis was therefore made comprehensively using patient history, clinical findings, and the results of the aforementioned tests in accordance with procedures used by other researchers [5] .
Although there are several case reports of suspected hypersensitivity to titanium, the possibility remains of an allergic reaction induced by a small percentage of vanadium or aluminum released by corrosion of the titanium alloy [1] . In the present case, staples as a causative agent had already been removed by surgical intervention, and patch tests were all negative for titanium, vanadium and aluminum. We did not employ MELISA® testing because it was not readily available in Japan. Allergic response against metal has been known as one of the forms of delayed-type hypersensitivity (type IV allergy) associated with antigen-specific T cells, but we rarely encounter a granuloma that resulted from hypersensitivity to staples, especially those developed in the liver. Therefore, no reports have described the histopathological features of this condition in the liver [16] . However, it could easily be assumed that the infiltration pattern of lymphocytes in the lesion comprised dominant T cells, and this was verified by immunohistochemistry in this case. In addition, the fact that the band of granuloma included fewer multinucleated giant cells may suggest little concern with foreign body reaction for development of granuloma in this case.
Conclusion
We report the first case of hepatic granuloma resulting from possible hypersensitivity to titanium alloy staples and/or clips. The three-layered structure consisting of necrosis containing titanium alloy, a desmoplastic (fibrous) area, and a band of granuloma could be interpreted as a histological characteristic for hepatic granuloma due to titanium alloy hypersensitivity.
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